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ENDOSCOPE RELAY LENS 



The invention concerns a relay set of the kind described in the generic part of the 
claim. 

Rigid endoscopes usually have an optical system consisting of an objective, an 
ocular and between them a relay lens system consisting of several relay sets. Be- 
cause the objective and each relay set is producing an image which is turned up- 
side down, and because a standard endoscope should produce an upright image, 
usually an odd number of relay sets is used so that the image produced by the op- 
tical system is upright 

For good image quality the optical system of an endoscope should be well cor- 
rected for the major lens aberrations. Most of the aberrations are corrected by the 
symmetrical design of the relay set. But it is especially difficult to correct for cur- 
vature of field aberrations. 
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US 4,693,568 shows a low cost relay set of simple design having in each half set 
two lens units of positive power. The disadvantage of this design is that it cannot 
correct the curvature of field aberration. 

From US 4,676,606 a relay set of the generic type is known. In each half set it 
comprises a lens unit of negative power. This negative power element is respon- 
sible for correction of field of curvature. The aberration produced by the positive 
elements is corrected by the negative element. The advantage of this design is 
that the curvature of field correction provided by this relay set can be used to 
have the relay set well corrected for curvature of field aberration. The correction 
also can be made stronger so that this relay set is not only correcting its own cur- 
vature of field aberration but also the aberration of other optical elements of the 
optical system. It can be used together with relay sets of different type like that 

shown in US 4,693,568 and can provide the overall correction of the optical sys- 
tem. 

The disadvantage of the system of US 4,676,606 is that the negative power ele- 
ment is of the well known Gauss type. This optical design is highly complex and 
extremely expensive and therefore not suited for mass produced endoscopes. 

The objective of the present invention is to provide relay sets with curvature of 
field correction at low costs. 

This is achieved with the characteristics of claim 1, 

According to the invention each half set of the relay set is designed in the form of 
a Triplet. The Triplet is a well known lens design used for camera optics. Much 
to the surprise of experts it turns out that the Triplet design can be used on relay 
sets for endoscope optics. The biggest advantage of the Triplet design is that it 
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uses very simple lenses which in each half set have a positive, a negative and a 
positive power lens unit. The well known simple Triplet design is easy to calcu- 
late and easy to manufacture so that a very economical design results. 

According to claim 2 advantageously the relay set is overcompensated for curva- 
ture of field aberration so that it compensates not only its own aberration but also 
the aberrations of one or more other relay sets being of simple design without any 
curvature of field correction. For example this gives the advantage that an exist- 
ing optical system being corrected for curvature of field, can be made longer by 
adding two relay sets, one of them being a conventional relay set without curva- 
ture of field correction and the other one being a relay set according to the inven- 
tion which gives the correction for curvature of field for both additional relay 
sets. 

According to claim 3 advantageously the outer and the middle lens units are ce- 
mented together. This gives a strong design eliminating any possibility of tilting 
between these two lenses in case of a shock. 

According to claim 4 advantageously the inner lens of each half set is a cemented 
doublet. This gives an additional curved surface and the possibility to make both 
parts of the doublet from different glasses. The result is that there are more pa- 
rameters to control aberrations. 

In the drawings the invention is shown schematically. It shows: 

Fig. 1 the general design of the optical system of a rigid endoscope, 



Fig. 2 



a relay set according to the invention and 
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Fig. 3 an alternative design of the relay set 
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Fig. 1 shows the typical design of the optical system of a rigid endoscope . Within 
a rigid tube (not shown) the optical system is placed beginning at the distal end 
(in fig. 1 to the left) with an objective L In the very schematic representation of 
fig.l all lens units are shown as a single lenses. In the proximal direction from the 
objective 1 there is following a first relay set 2, a second relay set 3 and a third 
relay set 4. At the proximal end an ocular 5 is placed. 

The objective 1 is producing an image at an image plane 6 which is transferred by 
the relay set 2 to an image plane 7 and in the same way from there to an image 
^ plane 8 and finally to an image plane 9 on which the image is viewed by the ocu- 
lar 5, instead of which also a camera can be placed. The objective 1 and also the 
relay sets 2, 3 and 4 are turning the image upside down so that an odd number of 
relay sets, in the shown embodiment three relay sets, are used to have an upright 
image on the final image plane 9. 

In the shown embodiment the first and second relay sets 2 and 3 axe of conven- 
tional design and e.g. each consist of two plane-convex rod lenses with a bi- 
convex shorter lens in the middle. In the standard design of an endoscopic optical 
system the magnification of all relay sets is 1 . 

The third relay set 4, according to the invention, is designed as shown in a first 
embodiment in fig. 2. 

Fig. 2 shows the third relay set 4. It can be seen that the relay set consists of two 
half sets 4.1 and 4.2. Each of the half sets 4.1, 4.2 consists of three lens units 
which are identical and symmetrically placed with respect to the centre 10 of the 
relay set. 
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In the half set 4.1 at the outer end (to the left) is a lens unit 11.1 of positive 
power. Following are in the middle a lens unit 12.1 of negative power and at the 
inner end a lens unit 13.1 of positive power. In the half set 4.2 the same lenses are 
symmetrically placed having the reference numerals 1 1.2, 12.2 and 13.2. 

Each of the half sets 4.1 and 4.2 therefore is designed in form of a Triplet, namely 
having a positive power lens unit at both ends and in the middle a negative power 
lens unit. 

The negative power lens units 12.1 and 12.2 in the half sets 4.1 and 4.2 are pro- 
viding correction to the curvature of field aberration produced by the positive 
power lens units. By proper selection of the negative power of the middle lens 
units 12.1 and 12.2 the curvature of field correction can be made just to have the 
lens unit 4 corrected for curvature of field aberration. In this case, if the third re- 
lay set 4 with respect to curvature of field aberration is corrected in itself, the re- 
maining part of the optical system consisting of the elements 1, 2 and 3 also has 
to be corrected in itself for curvature of field aberration. The conventionally de- 
signed relay sets 2 and 3 produce aberration which can be corrected by the objec- 
tive 1 which in a more complicated design has to include a negative power lens 
unit for this purpose. 

The third relay set 4, as shown in fig. 2, by properly choosing the negative power 
of the lens unit 12.1 and 12.2, can be overcorrected with respect to curvature of 
field aberrations so that it can be used to give correction for one or both of the 
relay sets 2 and 3. In this case correction from the side of the objective 1 is not 
necessary. 
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If the optical system as shown in fig. 1 is corrected for curvature of field aberra- 
tion and if a longer version is needed, two additional relay sets can be added. One 
of them can be of conventional design whereas the other is designed according to 
fig. 2 and gives curvature of field correction for both added relay sets. 

Fig. 3 shows an alternative design of the relay set according to the invention. The 
relay set 4' shown in fig. 3 basically is of same design as that of fig. 2. To make 
comparison easier, the same reference numerals are used for the lens units. 

It can be seen that the middle lens units 13.1 and 13.2 are unchanged. Also the 
lens units 11.1 and 12.1 are of same design as in fig. 2. Only the outermost lens 
unit 11.1 is turned around so that the lens units 11.1 and 12.1 can be placed with 
their flat end surfaces against each other . They are cemented together in the con- 
figuration as shown in figure 3. This leaves the optical properties more or less 
unchanged but gives a better stability especially against tilting of these two lens 
units against each other. 

The lens units 13.1 and 13.2 can be simple lenses of positive power. In the shown 
embodiments of fig. 2 and fig. 3 they are cemented doublets for the purpose of 
giving more possibilities to correct aberrations. 



